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FIG. I is I schematic "over'V1ew of an exempllry Should a call be initiated within the PSTN. contrOller
CDMA cellular telephone system in accordlnce with 10 transmits the~ infcnmation to all the ce11-sita in
the present invention: the area. The cell-sites in mum transmit, paciDI ma·

FIG. 2 is a block diqram of a mobile unic celephone SIIe to the intended recipient mobile unit. When the
confipred for COMA communications in a CDMA 5 mobile unit hean , pile mallie. it responds with a
cellular telephone system: control messale that is transrliiued co the nearest ceJJ·

FIG. 3 is a block diaanm of a cell.site equipment in sice. This concrol messale sipals che system ccmtroller
a CDMA cellular telephone system: and that tbis .parric~ cell-lice is in COlQllluaicatioa with

FIG. 4 is a block diaaram of a mobile celephone the mobUe. unit. ~Dtroller 10. _. routes the call
switchinl office equipment. 10 chrouJh this cell-llce to the mobile UDIt.

Should mobile llllit II !DOve ouc of the coverI.urea
DEYAILED DESClUmON OF THE of the iJUdal ceJJ-sice. ceJl-sice If, anilbealpt • made to

PREFERRED EMBODIMENTS conciDue the call by muCinI the call tJaroup lDOCber
An exemplary telephone system in which che present ceU-sice. In !~.~ft"process there are two dUl'en,nt

iIlveation is embodied is illustrated in FlG. 1. The sys- 15 methods of Will" the hudoft" of the call ot roatUlS
cem illustrated ill FIG. I utilizes eDMA modulation tbroulb another ceU-sice. " .. .. .
cecbDiquea ill COIIUDuDic:uion betweea the system mo- ,~~ first method. called the ceu-llce bUUI!ed ~,!,.
bile UIIits or mobile "'hones. and the cell-sices. Cellu. .. similar to the~ liIedlod employed ID the anp·
••• 'Iar' . ba h··-..Irects f II . naJ ftrst paerauon ... ceIlw.r teIepboae Iys&eIIISuu s)'ICemI In Ie c::a_ may ve.IU 0 ce -lice 20 d' In the cell-sice initiated· 1.-..1__

sucioDs Ia'Viq buadnds of tbouunds of mobile cele. currea y ID. ~. . ..._11
phones. The use ofQ)MA IeCbaiques readily faciliutes ~. the ~tiaJ ceIl-llce, cell:sne If, aoac:es that the
, . . . f ...~- . sapal transautted by mobile unn II his ran. beJow a
increases In user capaclly an syst~ 0 IoWa SIZe as com· cenaia tJtresboJd level. Cell-sice t. then tnDIa'Iits a
pared to COIlventioul FM modulation e:eJlular syscems. baadoft" request to system coauoUer 10. CoauoDer 10

In FIG. I. s~tem COIlU'oUer~ .swltch 10. also reo 25 relays the request to aU DCilhboria.c:eII'-'J4,12 of
ferred co ~ mobll~ telephone sWllchlnl.om~(MTSO). ceJJ-lite 16. The coauoUer U'IIIlIftined,.... iDcludes
cy~~y includes 1D1Cl'face and proeessut. Clrcuury for informalion reIatin' to the clwmel. inc:lUdiDI the PN
pl'OYidill. systea~ to the cell...... Controller 10 code leqUCftCC used by mobile tmit t'. c.u.... 12 ud
also .caaa:oJs the rollbDl of telephone calls from che 14 tUDe a receiver to the clwmel beiaa UIlild by the
pu~ SWItChed telephoneJI~ (PSTN) co che ,ap- 30 mobile tmit and IDCII1Il'e the sipal streIlpb;· typically
pro~ce ~l-llle fot uusmlSllOll to the ap~nate usin. dilitll· teelmiques. Ir one or ceIl-sites 12 IDd I"
mobile unit. ConU'01ler 10 also CGIltrois the routm, of receivers repon 'stroll,er lipaJ than the initiaJ ceO-site
cans from the mobile anits. via at last one cell-site co reponed lipalllreftph. then • baadotr is made to this
che PSTN. Control_tO may direct ca1Js between mo- ceIJ-site.
bile users via the appropriate ceU-site sulions since such 35 The second metbCld or IllidaliDl , budoft' is called
mobile units do not typically communicate directly the mobile iJUtiated haDdoft". The· mobile unit is
wich one bOther. equipped with a search receiver which .is used to ICIIl

Controller 10 may be coupled to che cell-sites by the pilot sipal U'IIIIIIIiIsioa or neipboriqJ ceI1-sttes 12
various means such as dedicated telephone lines. optical IDd 14 in addidon to perf'ormia, other ftuactions. If.
fiber links or by microwave communication links. In 40 pilot siiuJ of cell-sites t2aad.JAil~"""1l'
FIG. I•.three such eaemp~ cell:'sites. 12.• I~ and 16 thaD the pilot sipal orceU-site If, mObDi· tmit II trIllS·
alOfta WIth an uemplary mobile unit II. which U'lcludes mits • control maaaae to the current ceIJ-site. cell-site
a cellular telephoae. are Wustnted. Arrows 2Oa-20b 16. This control "-ae contains iDf'0I'IIIMian ideIIrify-
~efine the possi~ ~"'ication link between cell- ins the cell-site of treater lipaJ strenldl in additioa to
sne 12 and mobile unit II. Arrows 22a-22b defme the 45 information requestinl a bandoft" to this celloSite. Cell-
possible COlllllUlnication Iiak between cell·site 14 and " site t. tnnIf'en tbiI CODUOI .....-p co CClIIItt01ler 10.
mobile unit II. Similatly, arrows :MG-J4b define the The mobile iIIidated bIIIdoff IIIeIbocI ... various
possible coaununication Iiak between cell·site 16 and advantqel over the ce1Hite iDitiated hadotr DIItbod.
mobile unit II. The mobile unit beeoIDII awere or C1Iaa,. in paths

The cell·lice service ueu or cells are desiped in SO belwea itselr and the vinous _ ..borin. ceOotites
leolriPhic sbapes tueh dill the mobile unic will nor· much sooner aDd with ... e«ort tba the ce01ites are
mally be clOlelt co one ceJl.lite. When the mobile unit is capable or doin•. However. to pertotm ."1DObiIe iDiei·
idle. i.e. no calls ill~ the aaobile unit collSlaIltly ated baDcIoft'. each mobile 1IDit ID1IIt • pnmdId with a
moniton che pilot lipal t......-sions from each IeU'Cbiq receiVft' to perftinD. the 1CUIliD. fbacIion.
Dearby ceJJ-site. AI iJIuItmtdin PlO. 1 the pilot sipals 55 However. ill the eseaapIary embocIiIIIat deIcriIIed
are respectively trUIIDIined to mobile unit II by cell· herein of.1IIObiJe uait COMA COIIIID1IIIblions capa.
sites U. I" and 16 respec:Uvely upon commanication bilitY. the seaIeb receiver has addidoaaI ftmctioDs
liDks 206. 22b aDd 246. The mobile unit then determines which require its presence.
which cell it is in by comparin, pilot sipal stren&th FIG. 2 W1IItftteIiabJoctdiqrua form an aemplary
tnIIIIDifted from these panicular ceIl·sita. 60 mobile UIlit. The mobile ait iDcfudel an IDtaU 30

In the eumpleiUumated in FIO. 1. mobile unit II wbic:b is coupled tbroap dipleler'S2 to ..... receiver
may be considered closest to cell-site 16. When mobile 3.a and transmit power ampIifter N. AatemaJi and
unit II initiates a~. a control messqe is transmmed dipluer 32 are of suiIdard _1ft aDd penDit liIIIulu-
to the nearesc ceI...... c:elI-site I'. Cell·sile 16 upon MOllS tnnIDIisIioa aDd rwceptioD tbroaP a .... aa-
receivid' the call request messap. silftlls system con- 65 termL Antenna • coUecu U'IIIIIIdt'ted IipaIs and pra-
croller 10 and transl'm the call number. System concrol- vida~ throulb dipJeler 32 to analoI receiver M.
ler to then connects the call throuah the PSTN to the Receiver 3.a receives the RF frequency Ii""" from
incended recipient. dipleler 32 which are typically in the 850 MHz fre·
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qucncy band for ~plifac:ation and frequency downcon- can choose whether to track and receive the earlier or
veniOD to an tF frequency. TlUsfrequency translation 1aler path. If two receiven are provided. such as receiv-
process is acc,*plisbed usin, a frequcncysynthesizer en 40 and .2. then twO independent paths can be
of standard desilft which permits the r~iver to be tracked and in parallel.
tuned to any of the frequencies Within the receive fre- ~ Searcher receiver .... under Control of·control pro-
quency band of the overall c:el1uw telephone frequency cessor 116 is for continuously scanain. the time domain.
band. around the nominal time of a received pilot sipal of the

The IF sianal is then passed throuah a surface acous- cell-site. for other multi-path pilot sipals from the same
tic Wive (SAW) bandpass (titer which in the preferred cell-site and for other cell-site t~tted pilot silftals.
embOdiment is JPproltimately 1.25 MHz in bandWidth. 10 Receiver'" will measure the stRaph of any reception
The characteristics of the SAW raIter are chosen to of a desired waveform at times other than the nominal
asateb the w.v~fotlU of thesipal tranIbIiued by the time. Receiver ... COIII~.sipaJ. suallthin the re-
cell-site whidl his been direCt sequence Ipread spec- ceived si....... ~ver 44 provides I Iipal strength
tnuD modulated· bY I PN sequence clocked at a prede- silftal to control processor 116 indicative of tbe strongest
termined rate, whicb in the preferred embodiment is I~ silftals.
1.2' MHz. Thil clock rate il chosen to be an inte,er Processor 116 provides control 51"" to dipal data
lDuitiple of I ~ber of co...-on data rates such as 16 teceivers 40ud 42 for each to process a diff'etent one of
Kbps, 9.6 Kbpt.. and U KbPl. the stroll.-si"". Oa 0CCIIi0n another cell-site

Receiver 34 abo performa a power control function transmitted pilot si...... it ofpater 51...... streftIththan
for adj-ina the .trUllDit power of the lDobile unit. 20 the current cell-site sipalltteftph. CoatrOI"proceIsor
Receiver 34 ,_ates an analol power contrOl si,nal 4' thea wouId·.......te a coed ...... tor traDImis-
that is pro~to transmit power control circuitry 38. lion to the system controller via the current celkite
The control and operation of the :DObile unit power requestiDl a transfer of the calL to the cell-site corre-
control feature is diSc1Qsed in coperiditl, U.S. patent spondina to the SlroDler pilot silftal. Receivers 48 and
applicatio1\ eatitled "METHOD AND ~PPARATUS 2S 42 may therefore handle caUl through two different
FOR CON11l0LtING TRANSMISSION POWER cell-sites.
IN A COMA CELLULAR MOBILE TELEPHONE The OUtpUll or receiven ... and t2 are provided to
SYSTEM", Ser. No. 01/433,031. fUed Nov. 7, 1989. divenitycolllbiaeranddecodercircuitry", 1'bediver-
now U.S. Pat. No. 5,056.019, by the inveaton hereof an sity colDbiDer c:ircuiuy coatained Within circuitry ...
assiped to tb~. Alsipee of the present invention. 30 simply adjusts the tinlinl of the two streaIS of received

Receiver 34 il alsO provided With anaoaIol to digital sicn-Js into up..an and adds them topther. This
(AID) CO,nverter, (not shown) (or c:onveninl the IF addition process may be proceeded by IIIIIltiplyiq the
sipaJto • diaital "pal witb convenion occurrinl at a two stre&IDI by a number cornspoadin. 10 the relative
9.216 MHz clock rate in the preferred embodiment 51paalltreqths of tile two su..... 1lUs operatioD can
which is~dy eiJht limes the PN chip rate. The digi- JS be considered a m,,-'I facio diversity combiner. The
tized sianalis Providad tQ eacb of two or more signal resultinl combiaed silftalltreaJD is then decoded using
proc:esJOJ"I Clr daJa receivers. one of which is a searcher a forward stream error detection decocler also con-
receiver with the ....under beiDl data receiven. tainecl Within circuitt)' 41.

In FlG••}. the di~tized sipaI OUtput (rom receiver 34 In lbe eaempiary embo4:limeat COIIvol' eacod-
is provided to .diaital daIa receivers 40 and 41 and to 40 ing is utw.ed. ne convoNtionai eacodin con-
searcher r_ver ... It should be UDderstooei that an straiDt leaatb , .. a code rue •• i.e. Wee .-oded
inapensive. low performance IDObile unit miSht have symbols are producedaDd.~Cor every infor-
onJy a sinale data receiver while hiaber performance macion bit to be uansmittal.lbc~ dIil;oder for
units may have twO or 1D0re to allow divenity recep- tbis type ofcode is ohbesoft~.Vi&er-..:a1Iorithm
tion. 4S decoder desip. lbe Nlulu. docodld iIafcqIaIion bill

The dilitiz.ed IF. sianal may contain the siSnaJs of arc passed to the ...... dilifal~~ 50.
maDY ~Ioina" caIJs topther With the pilot camen BueOIDd Q'c:uitt)' 50 typicl1ly iae1.... . diaital
~,ted by the current and aD aci&bborins cell-sites. vocoder (DOt aboWlt). BuebIDd circui&rY 50. funber
The fUDClloa ohlle receivers 48 arad 41 are to correlate serves u an interface With a handset or aa.r 0_ type
lbe IF SIDIP. with the proper PN sequeoce. This cor- SO of periphenJ device. Bu.-ad c:irc:uiIr)' 10 ICCCIIIIIDD-
relation PfQQCU providel I pfOI*'Jy dIM is well-known dales I variety of differat VOCQder .... BasebaDd
in tbe art.,"~S pin" wbich ..banea the sig- circuitt)' 10 provides outpatinfonDalioluipais to the
naJ-to-~~ruioot llipaI.lUlchiDl the proper user in accorduce With £be infonDal.1on provided
PN.sequqce w,bi1e POI ah."ciDl.otbcr 51pals. Corre- thereto froID~ ....
IatioD ou'" is _ sYnchrooously deIected usinS tbe" User~ voice Ii typQUy proYiclldtbrouah
pilot CU'rier froaa tbe c,I~ ceD-lliIc U I carrier phase a baadIet are provided U .. i.Dputto bM.U4I c:irc:uitry
refereace. 1)e result of tJUa cleteclion process is a se- SO. BaseblDd circuiU')' SO iDciudel ..~ todilital
quence of eacoded data IYQIbo1I. (AID) coavenlf (DOl sbowa) wbic:h COD""" tUlDI-

A propu1fof*PN sequeac;e .. used in the present 101lipal to dilital fOl1D. Tbe diIitalsi"" it provided
io~...•...' ~... ' . . Il is provided against mul- 60 to the di&ita1.. v.. QCodet where it is eDCOdl!Jd. Tba. YOCod...er
Cipa&b ~ the sipal arrives at tbe mobile output is pro\lided to. forward error cornctioa eacod-
~vcr".., U'a!Vcllinl upon more than one path there inl circuit (BOt sbowD) for error c:lOmlClioa. Tbis voice
'A'iU~ ~,4i£lerlDce io the reccptioG ume of each multi- dilitized eacoded sipa1 is ou~t from buebud cir-
pa. PfOP'PtiOa of the sipal. This reception time cuitry SO to t,...ut modulator 51.
~: ,eomlpOllds to the cWTerence in distance 6S Transmit ZDQduJator 52 mo4uJates the eacocIed lipal
Qivided by tbe speed of lipL If this time difference on a PN carrier sipal wbose PN sequence is cbolen
eaceeds one lDicrosecond. tbea the correlation process accordinl to the assilfted address f\IIIGuon for the c:aIJ.
will dISCriminate Isainst one of the paths. The receiver The PN sequence is determined by control processor 46
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from call setup information that is transmitted by tbe fier in receiver 62 and translated to an IF frequency by
cell-site and decoded receivers 40 and .2. In the a!lema· mixin, with a frequency synthesizer output sipaJ. The
tive. control processor '" may detennine the PN Ie- IF sipaJs are baDCiplSS mtered and dilitized in a pro-
quence throu,h pre.arraripment with tbe cell·site. cess identicaJ to that described with reference to the
Control processor 46 provides the PN sequence infor· 5 mobile unit aaalo, receiver. The diliUzed IF sipals are
mation to tranSmit modulator 52 and to receivers 40 and provided to diptaJ data receiver 66. optional data reo
.2 for call decoding. ceivcr 61 and searcher receiver " and are pI'OCtIIed

The outpUt 0( trusmit modulator 52 is provided to respectively in a maaner similar to that • disc10Md
transmit power control circuitry 31. Sipal traIlSmission with reference to the diptaJ data receivers &ad aearcber
power is controlled by the analo, power control sianaI 10 receiver of the mobile unit in flO. :L However. tbe
provided from receiver M. Furthermore. control bits processiD, by the dilitaJ data receivers and searcber
are transmitted by the celkites ill the form power ad· receiven are different for the mobile to ce11-site liDk
justment commands which are processed by data reo from that used in tbe ceJl-site to mobile liDk in several
ceivers 40 and 42. The power adjustment command is respectS.
used by control proCeaor 46 in setUn' tbe power level" In the inboUDd Wak. or mobile unit to ceU-site JiDk. the
in mobile uait transmiIIiOIl. In response to power con· mobile unit does not traDsIIIit a pilot sipal &bat cu be
trol commands controlp~ 46 pnerates a diptal used for coherent refereaee purpoIeS in.sipal process-
power control sipal that is provided to circuitry 31. inl at the cell·site.Thus. tbe mobile wUt to ce1J-siteliDk
Funher information on the iIlterrelarionsbip of tbe re- utilizes a IlOD-e::ohereDt ,QIOdulaliOD aad deIIIoduJabon
ceivers 40 and .2. control processor 46 and transmit 20 scheme usin, 64-ary orthopma1 sipallin..
power control 31 are allO tunher described in the Searcher receiver '4 is apia used to sea tbe time
above-mentioned copendinl patent application. domain about the. receiver sipaJ to ensure that tbe

Transmit power control Circuitry 31 outputs the usocialed dilitaJ data reccjver 66. and data receiver •
power controlled modulatedsiPal to traDSlDit power if used. are trackiDl aad processiq the ItroD,_ avlil·
amplifier circuitry 345. Circuitry 345 amplifies and con· 25 able time domain ..pal. This tnckiDl proc:eu is ideDti·
vens the IF sipal to an RF frequency by mixin, with cal to that described with reference to the mobile unit.
a frequency synthesizer output sipaJ which tunes the Searcher receiver '4 provides a sipaJ to ceU-site COD·
silnal to the proper outpUt frequency. Circuitry 345 trol proc~ ,. which provides c:ontroJ lipall to
includes an amplirler which amplifies the power to a diptaJ data receivers 66 aad • (or seIec:tiaI the appro-
nnal output level. The iIltended transmission sipal is 30 priate received sipaJ for proceuin•.
output from circuitry 345 to diplexer 32. Diplexer 32 III the 64-Iry orthoaonaJ IipaIJiftI proc:eu.. 0Il:h
couples the sipaJ to antenna 30 ror transmission to the mobile unit traDIbIitted Iymbol b.u ODe 0( 64 dift'ereat
cell-sites. pouibilitia. A 6 bit Iymbol is encoded iIlto one Of 26•

Control processor oM is also capable of ,enerating i.e. 64. different biliary sequenca. The set of leCluences
control mesllics such u ceJI-diversity mode requests 35 chosen are baWD as Walsh f\Iac:tions. The optimum
and c::eJ1·site commUDic::atioa terllliftation commands. receive fUDction for the Walsh rUDClioD is the Fut
These commands are provided to tJ'IJtIIDit modulator 52 HadaIDard TrllllfGnQ (FHT). In searcber receiver 61
for transmission. Control processor oM is responsive to and diptal. data receivers .. and •• the input sipaJ is
the data received from data receivers 40••2 and search comlated as discusaed with relerence to the mobile unit
receiver 44 ror makin, decisions relative to handofTand 40 receivers; with the comlator output fed to a FHT pro-
diversity combinin,. c::essor. The FHT processor produces a set or 64 coefTi·

PIO. 3 illustrates in block dia,ram form an exemplary cients for every 6 symbo1l. The 64 symbols are then
embodiment of the celloSite equipment. At the cell·site. multiplied by a weiptin& fUDction 'enerated in the
two receiver systems are ·.utilized with each having a receiver. The weipUnI fuaction is linked to the sipal
separate antenna and anaIo& receiver for space diversity 45 strenlth as measured by searcher receiver 64. The
reception. In nch of the receiver systems the signals are wei~data is then provided as an output to diversity
processed identically uDtii the sipals UDdes:,o a diver· combiDer and~r circuitry 10.
sity combination process. Tbe elements within the The second recaver l)'Item processes the received
dashed lines comspond to elements correspondill, til sipals ill a nwmer similar to that discussed with respect
the communications between the celloSite and one mo- 50 to the ram receiver s)'ltllll 01 flO. 3. The weiJhted 64
bile unit. The outpUt 0( the uUOI receivers are also symbols OUtPUt ". receiven .. aDd " are provided
provided to other elemet!lts used in communications to cIivftty com~ aDd dec:oder circuitry 10. eir·
with other mobile units, cuitry • includ••adder wbicb adds tbe weiJbted 64

In PIO. 3. the tint receiver system is comprised of symbols fiotD receiver" to the weiab&ed " symbols
anteIlU 60. anaIoJ receiver U. searcher receiver 61 and 55 from receiver , .. 1'1Ie raultinl '4coefIIciau are com·
diptal data receiver ". TbiI receiver system may also pared with one uother ill order to determiae the larlelt
iftcludean optionaJ diptal dau receiver •. The second coeft1ciat. The mapihlde of the comparison result,
receiver system iftc:lades aaterma 10. uUo, receiver 12, topther' with the ideatity or tbe!arlest of the 64 coefli·
searcher receiver 61 and dilital data receiver ". Also cients, is used to determiDe a set ordecoder weipls and
utilized in sipal procesIinland control for handofT and 60 symbols lor use within a Viterbi allOritbm decoder
diversity is cell·site control processor 11. Both receiver implemeated in circuitry 10.
systems are coupled to diversity combiner and decoder The Vitetbi dec:oder is prererably or a constraint
circuitry 10. Di&itallink 12 is utilized to communicate lenlth t. and of a code rate l. The Vitetbi dec:oder is
sipals to and from the MTSO (FIG.•) with cell·site utilized to determiDe the most likely iIlformation bit
transmit modulator N and circuitry 10 UDder the con· 65 sequence. For each vocoder data block, nominally 15
trol of control processor 11. . msec. of data, a iipaJ quality estimate is obcained and

Sipals received on antenu 60 are provided to ana· transmitted as a mobile uait power adjultlDent com-
log receiver 62: R.eceived signals amplified by an ampli· mand along with data to the mobile unit. Funher infat·
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mation on the aeneration of this quality estimate is dis- respondina div=ty cQ~~er asdel~ by a sil-
cuued in funher detail in the co-pendina application nal from system con~.proc:aIOf 100. When the sys-
mentioned above. This quality estimate is the averale tem is DOt ill tbe ceU-dh,cnity mo4e. divenity combiner
sipal-to-noite ratio over tbe 15 ~. idterval. 104 may be eidler bYJ)lllCd Qr fed the same information

In FIG. 3, optional etiJiW data receiver 6t may be S on each in"l port.
inclucMd for improved perfOt1lWlCe of the system. This A mul~ty of serial c:Q~di~ COIIlbiners
additional data receiver alone or in combination with and voc:oders are provided in para1ltI.DOIIIiDally, oae
additional receivers can track and receive other possible for each call &0 be processed.. DivenUY co,DbUaer 104
delay paths of mobile unit trUStDined sipals. The compares the IipaI quality. indiea&ors 1CeOIIlPIR)'in1
structure lAd operation in tlUs receiver is similar to that 10 the infCX'llWioa bits from tbe two or more ceU-si&e sil-
described With reference to the di&ital da... receivers 66 nals. Divenity c:oaabiDerlM selec:u the bits c:orre-
and , •. Receiver" is utillud to obtain additional cIi- spondinl to the biabest qNJity ceU-site sipal on a
venity modes. Optional additional dilital data receiven frame-by~fruae .basia of. the iaformatioll for OI&tpUt to
prov1dina additional diversity modes are extremely vococler IN.
useful in those cell-sites which are .Iocated in dense IS Vocoder lG6.. Q)Ilverts" .fonaat of the diljUzed
urban areas where muy pouibUities for multipath sil- voice sipaI to IWIdIrd 64 kbps POd telepboae for-
nals occur.. mal. aaalolo or.y~... foqw. 1')M: resulWlt

Sip1&ls from the MTSO are coupled to. the appropri- sipaIs are t....aed ff,OlQ voeacIcr lG6 to dilital
ate transmit modulator via diJitallink 12 UQder control switch I•• UDCW tile eaatrOl qfI~c::oe&rolPJOCG-
of contrOl prcQIIOr '71. TrlllllDit modulatOr 14 spread 20 $Or 100, the cell is rouJld to the PSTN.
spectrum lDCIdull.tes. accotdin. to a predetermined Voice sipaIa coaaiq from the PSTN inleDded. for
spreadinl fUnction IS Wiped by control processor '71. the mobile unit.....~ to diIiW swilcb I. to an
the da... for transmission to· the intended. recipient mo- appropriate clilital vOCOder such as voc:oder 106 wader
bile unit. The ou.tput of transmit modulator 14 is pro- control of 1)'IteID COJdJOl proceuor 100. Voc:oder 106
vided to transmit power control circuitry 86 where 2S encodes t~ iDput diPtized voice sipals~ provides
under the control of control processor '71 the transmis- the resullin, iDtonQlUon bit stream directly to digital
sian power may be controlled. The output of circuitry switch 102. Dilital lwitch 102 .uaderl~ COQuol
86 is provided to transmit power amplifier circuitry ... processor control directs the~ da&a to the cell-

Circuitry II includes a sUllUDer for summiD, the out- site or ceII-lita \0 wbicb the~ uait is COIIUDUDic:at-
put of transmit modulator 14 With the output or other 30 inl. Ilthe mobile uait is ill a hudoft'mode CCHDIDUDic:at-
transmit modulatots at the cell-site. Circuitry II funher iDa to multiple· ceU-sita or in • cell divellity mode,
includes as.er for suauniD. the pilot sipal output djJital switch 102 I'OUteI the caUa to the appropriate
from pilot lipal,enetatot to.with the summed transmit cell-sites for transmission by the appropriate cen-site
modulator output sipals. 'Orcuitry. II also iDcludes a trusmitter to the inleQded recipient mobile uait. How-
digital to ~o.. convener. frequency upc:onversion 3S ever, if the mobile uail is c:cDmUDicatin. wiIh oDly a
CIrcuitry aftd aft· amplifier for respectfuJly convening sinlJe cell-site or • in a cell diversilY mo4e. the sipal
the dilital si8ftJlto an auIo. sip, convenin,the IF is directed DIlly to • aiD. ceII·lite.
frequency sipab as output from the t~mit modula· System cont~1 proccuor. .100 providel coatrol over
tots to an IlF ltequencyand amplifyin. the RF si,nal. digital swiaches 102 lad Ie. (or routiq dI&a to aDd
The output frons. circuitry II is provided to antenna 92 40 from the MTSO. $)'ICeID CCIIW01 proce.ar .. also
where it is radiated to mobile units witbia the cell-site determines the usipment orcalla to the l;eIIoIilll aDd to
service area. the vococlen at the MTSO. FIII'lhenDore. systeaa·con-

Cell·site control processor '71 has the responsibility trol processor 100 CQIIIID__'" Wilb acb e:eU-lite
for assipment·or digital data receivers and modulators control. prooeuor about the usjl"l!tIIIU or panicuJar
to a panicular caJi. Control processor '71 also monitors 4S calls betwteD tbe MTSO ud cell-1i&c. &ad m. UIip-
the proaresa of the call, quality of the sianaJs and initi- ment of PH coda for the c:alIa. It abouJd be fu,nber
ates teardown on loss of sip. The cell-site communi- understood that • ill..... in fiG Neal.witches
cates with the MTSO via link 1% where it is coupled by 102 and I. are ilIuavaeed as two lwiIches,
a standard telephone wire, optical ftber, or microwave however, t.IIis fuaetioa ma, be performed by aliqJe
link. SO physicallwiu:lliDa uait. .

FIG... ill..-tes iD bJock diallllll form the equip- The pr:eviaua~ 01 the~ embodi-
ment utilize4 qa lbe MTSO. 'The M'TSO typic;aIly in- meDts are provided tq..... IQ aWUed ill the
eludes aI~ controUer or s)'Stelb «»Dtrol processor an to make or UIe the ".at ill" Vano. modi-
100. dip", ''+'itch 102, diversity .COIIltQcr 11M, djJital flC&tionI to m.e _bod..... will be~y ippIIeftt
voc:oder 106 &II( dilital switch .101. AIIboup DOt Wus- 55 to those IkiIIIcI in tilt.,.. lad die ......priIIc:ipIes
tratedadd~ diversitY eoDJbiaen and dilital "ocod- defiDed b...m Jll&Y be ...... to oQer~_
ers are coupled betweea .diaitaJ lwitches 102 and 108. without the ... or the.~ve r.cuJty. 11auI,_....

When til¢ceUoodivenity mode is ~tive. or the MTSO eat inven_ .. not iDtelldId to be IiaIiII4 to &be em-
is iD the ~QfI'pfOCC$S with the. c:aU processed by two bodimeDt bereiA, but is to bt KCOrded the widest aeope
cell-siteS, sipUs will arrive at the MTSO from more 60 consisteDt widl the priDciples as DOvel f...... dis-
than ODe cell-lite witb nomiDaUy tbc $llDe information. closed berein.
Howev,r, because of fadina and qaterf'erence on the We claim:
inbowuf~f~ the mobile unit to the cell-sites, the 1. In a cellular teJepboae lysIetD in whic:b • aaobiIe
silft'l from..q", c;cJl-site may be of better quality than system user ud ..... lysIem user COIDIDlla_te II1II"

the s,ipl ffOm the other ceU-site. 6S informatioa si",~ via at ias& ODe or a
OiJj~ I~ 102 is used in routin, the information plurality of ,eographically separaled cell..... each

strea.m Qcirrapor.uliD1 to a liven mobile unit from one defming a respecuve popoaphic service area. a system
or more: ceU-sites to dlversity combiDer 104 or the cor· for direc:tin& communications between said mobile sys-
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tem user ud said another system user via said at leasr user information sipals between said mobile sys-
one of said plurality of cell-sites as said mobile system tem user and said another system user via said
user chan,~ cell-site service areu, comprisin,: uother ceil-site.

meaJls for. whUe said mobile system user is in a ser- 4. The system of claim 3 wherein said means for ter-
vice area of one cell-site ud communicatiD, user 5 minaliD, compriJa:
information sipals with said another system user said Proc:euinl IDeIDS beinl further responsive to
via said one ceU-site. determiDiDa a transition of said COGUDunication of user iDformauon sipals
said mobile system user from said one cell-site sere between said mobile system user and said &QOther
vice area to a service area of another cell-site. ud s}'llelll user via said uocher cell-site for lencratinl
for providinl a handoft' request identifying said 10 a budofT complete COIIIIDIDd, said mobile system
another ctll-site; user commUDicatiftI said bandoft' complete com-

means responsive to said handoft'request for couplini mud to said system controUer via at leur one of
a commUDication of said user information signals said one ceU-site aDd said another ceJl-site;
between said mobile sys1em user and said uother said S}'IIeIIl PfOC*IinI means _I further respon-
system user via said lIlother ceJl-site while said 15 live to said batidoft' complete COIIUDIIld for later-
mobile system user and said another system user abal • IeCODd swireh coauaaad: UId
continue in C()mmunicarion ofsaid user information said swirehin, means beiDa funher' responsive to said
sipaJsvia said one cell"te such that said mobile second switcb commend for decouplinl commUJli-
system user and said UIOther system user concur- cation ofsaid user iDforawkm lipals between said
rently communicate said user information signals 20 mobile sysu=m user and said aaothcr system user
through said one ceJl-site and said another cell-site; via said one ceU-site.
and 5. In a ctJlular l'lIdio commuftication system. a

mans responsive to said coupIina of communication method for banctirl, oft' commumcations between •
of said user information signals between said mo· mobile system user and lIlOlber system user from one
bile system user and said another system user via 2' cell to another ceO comprisina the steps of:
said uother ceU-site for terminating said communi· directinl by a system controller a relay of user infor-
calion of said user information sipals between saId marion sipaJs between a mobile system user IIld
mobile system user and said another system user another systeal user throulh one ceJl-site;
via said one c:eJl-site with said communication of detenlliaill,. by said mobile system user while said
said user information sipals continuing between 30 mobile system user ... said another system user
said mobile system user and said. another system are commuaicatinl Slid user iDformation sipals
user via said IDOther ceil-site. throup said one ctJl-si.. a uusition of said m0-

l. The system:of claim 1 w.... each ceJl-site trans- bile system user from a service .,.. of said one
mitS a pilot sipal indicative of said transaUttinl cell- ceO"'e to a service .,.. of IIlOlher ceU-site;
site. said meus for deaermininl comprisin.: 35 ....._.. by said mobile user in 'espoDIi to said

scaanin. receiver meus located at said mobile sys- traIIIitioIl deterllllinatioa. • fine coatroJ IipaI ida-
tem user for when said mobile system user is in a tifYin, said lDOIber ceU-site;
transition from said one cell-site service are to said coauauaicatial Mid fine coDuol IipaJ from said
another cell-site service area. receivin. said cell- mobile system .... throap lAid one ceIJ.site to
site transIIIllted pilot lipaJs, meuurin, signal 40 said system controller;
Itrenlth of acb received pilot sipal. COtIlparing dinctina. by said I"'" coatroller in ...... to
pilot SIgnal strength measurements, and providing Slid finI coatroJ si..... a conununic:atioli of said
a sipaJ SIren,tIt sipa1 jndicauve of a received user infOl'lllatioa lipals between said mobile sys-
pilot SlsnaJ of arearesc measured sipaJ strength tem userad said another system user tbroqh said
ad ctJl-site of ori....: and 45 aaotber ctJI-liIe~tly with IIid communi-

Proc:essinl means locued at said mobile system user catioD ofsaid user iDfOl'llWioD Ii..... betweea said
for receivin& said sipaJ sueallh sipal and for. IDObiJe I)'ICIID ..., aDd lAid another systeID user
when said sipaJ IUeDlth sipaJ chan.es from indio lbrouab lAid ODe ceU.....
caliDl said ODe ceU-site traalIInitted pilot sipIJ is of 6. The method ofc1aiID 5 funber CODlpIisinl tbe steps
a .....ter sipaJ IUeDgth than said another ctJl-site 50 of:
transmined pilot signal to indicating said another leneratiDl. by said mobile system user in respoase to
ceU-site traDIIDitted pilot sipal is of • signal Slid CGIIIIDUDic:atioD ofsaid iafonutioD lipals
strength areater than said cae ceU-site II'IIlIIDined _weea said UIOther system aDd lAid mobile
pilot sipaJ. .aeratina uid haadoft' request. system user via said another ceU-site. • second

3. The system of claim 1 wherein said mobile system 55 coalrOl sipal;
user commUDicates uid baDcIofl' request to said one COIIIIIIlIDicatiDl said MeOIId CODU01 sipaJ from said
cell-site for couplina to a system controUer. wherein mobile system ..... to uid I)'IIeID controller via at
said system controller compriles said means for cou- leut one of said ODe ceU-site aDd said uother ceD-
plin,. IIld said at_ for coupJinl comprises: site; ad

system processinl ...... for receiving said baDdoft' 60 tenDiaatial by said systemcoatroUer a cIirecdD. of
request and responsive thereto for aeneratiD.a fllSt lAid UIer Uaformation lipals to said ODe ceU-si&e.
swireh command: ad 7. The.medIod of claim 5 wheniD said·'" iDforma-

switching meaJls for. under colltrol of said system lion sipab commuic:ated by said mobile sysu=m user.
processina means, couplinl said commUDication of said one celloSite aDd said another ceU-site are spread
said user information sipaJs between said mobile 65 spectrum modulated accordin. to predetermined
system user and said another system user via said spreadin, codes.
one ceU-siae and responsive to said fint switch •. The method of claim 6 wherein said user iDforma-
commud for c:ouplinl said communication of said tion signals communicated by said mobile system user.
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said one cell·site and said another cell·site are spread relayins said cell-diversit)· mode request to said mOo
spectrum modulated according Cd predetermined bile user: and
spreading ct\des. wherein said mobile user is responsive to said .cell.

9. In a cellular radio telephone system in which mo- diversity mode request for maiDtainini communi.
bile users are capable of initiating and receiYinI calls to ~ cation with said another user throuih said first and
and from other mobile users and users in a public tele· second cell..ites.
phone system wherein said calls are relayed through at 12. The method of claim 9 wherein the step of com-
leut one of a plurality of cell·sites· under the control of municatini said user information silnals throllih said
a syStht controller. each of Said calls comprised of user first ceU-site comprises the steps of:
inf()ftDation sipaJs which are spread spectrum modu- 10 receivinl at said system controller an another user
lated according to a different predetermined user infor- informacion sipal from said another user;
mation sipaJ sPrea4inl code as ~unicatedbetween couplinl said another user infomwion sipal from
said at leut One cdl·site and a c:orrespondins mobile said system controller to said. rust «;e1I·site:
user. and wherein each ceU-site traasmits a pilot signal receivias at~ first cell-site from~ system can-
that is spread spectrum modulated accordinS to a pilot 15 troller said another user iftfonnatioillipal;
sipal spreadinl code CQllUllOn to .u cell-sites and each modQ1atiq at said (lISt ceU-site said &IIOther user
cell·site pilot sipal is of a different predetermined code information lipal accordinl to a predetermined
phase with respect to a neipboriq ceU-site pilot sianal. aaodaer UMI' information sipa1 spreadiq code so
a .-rbod for directina ~ relay of communications 0 . as to provide a fant spread spectnIID sipal;
between a mobile user and ano&her user throulh said 2 tranamittinl by said first cell-site Mid (lISt spread
cell.sites as said mobile user cbanps service areas of spectrum signal;
said ceIl·sites. said method·comprWal the steps of: receivinl at Slid IIIObile user said fant aprad spec.

communicatinl user information sianaIs between a trum sipal:
mobile user and another user throup a Orst cell- 25 despreadint. at said mobile user accontiDl to said
Site; prede&enniDed another user information sipal

trall$DliUUlI a pilot sipal by each ofsaid first cell-site spreadial code. said received first spread spectrum
and a MCOftd cell·site: sipal so as to provide Mid another user informa-

receivinl. at said mobile uscr said first and second ticn sipal to laid mobile user;
~II-sitc tranIIDined pilot sipall: 30 modulatiq. at said mobile user. a mobile user infor-

detetminia. at said mobile user relative pilot signal matioa tipAd 8CCOf'dinI toa predeteraaiaed mobile
suenJlb .or said piloc sipals as received at said user infomiation sipal spreadUll code 10 as to
caabilc user: provide a IIClOIId spread specmun lipal;

gencratiq, at said mobile user in response to said transmiUiDI ~ said mobile ... said IeCOnd spread
detennillaticn of relative pilot sipal strength. a 3~ spectrum lipal:
baDdotr request when said second cell·site trans- receivinl ac said tim ce!kite said secoacI spectrum
mitted pilot signal is of a predetermined level with sipal;
res,ect 10 Slid fint cell..ite tnDSJDitted pilot silnal: despreading. at said first cell-site 1CCOrdin& to said

c:oauauaicatinl said JwtdoIT request co said system preddel"llliMd lIIObile user infonnarien sipal
controller via said firse cell-site; 40 spreadin. code. said received second sptad spec-

aslipUtl by Slid system controller said second c:elt- trum si.....10 as to provide said mobile ...,.. intor·
site co relay said communication of user informa- mation sipal:
cion sipaJs between said mobile user and said an- coupJin, said mobile user information Ii.... to said
Other user: and system oontrollet from·_ flllt cell·1ite:

communicatin, said user iDformation signals between 4~ receivinl at said system· COIrtt'Oller saidftlObiJe user
said mobile uer and said another user through said information lipal from said first cell-site; and
second cell-lite wherein said aM!>biie user and said providin, sUI mobUc user mformation .pal from
another user concummtly commUllicate through said systdl controller to IIid another .,.
both said ftrst and second cen·sites. 13. The method of claUD , wherein the ..., of deter·

10. The method of claim , funher comprising the 50 mininl relative pilot sipal annpb comp'" the stepS
.teps of: of:

deteetinl' at said l.DobiJeuser said communication of measurinl pilot sipal strenpb of said received pilot
said diet infcmnation sipals as relayed through signals at .. mobile user;
Did second cell-site; comparinJ at said mobile user said pilot sipal

leneraein. a bandoff compiece command ae said mo· " scren8tJllD8MUrecDentl; and
bile UIir in response to said detection of said sec- identifyin. OIIIC or said pilot sipals of~ sipal
ond ctib-site rtilaYed COIIUDUJtication of said user strength.
inf'orIDation silPlals; 14. The method of claim f wherein me seep of com·

transmittinl said bandolT complece command to at municatin, sUthudofJ' requat comprises die steps of:
1_ eme of said flllt and secoad cell-sites; and 60 tran.tnittinl said bandoff request to said~ cel1-site;

tenniJlatill. in response to said bandolT complete and
commllld said communication of user information relaying by said first cell-site said handoft'request to
between said mobile user and SAId another system said system controller.
user throulh said first cell·site. 15. The method of claim 9 wherein the step ofassign-

11. The method of claim 9 funher comprising the 6~ ing said second cell..ite to said commUftication of user
steps of: information sipals comprises the steps of:

generating a cell-diversity mode request at said first determining from said hadoff request an identiflca·
cell.site: tion of said second cell..ite;
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comnnuucatm, to said seconcl ceU·site an usi,DJDent c:ompriled of information sipals to and from ocher
of said second cell-site in communicatin, uicl user mobile users and users in a public telephone system
infonnatioD sipals bIlween Slid mobile user and wherein said calls are relayed throu,h at I... one of a
said another user; aad plunJity of ceU-sites under the control of a system con-

seJectiA. a& ui4 Iecond cell-site one of a plurality of 5 troller and wherein each ceUoSite hal • c:onespoadinl
modeInI at said IICOIId oeD-site for communication service area. a system for direetin, the relay o( commu.
of said user iIlf'ormationlipais between said mOo nications belween a mobile user and another user
bile user and said &DodIer user. , . throu,h said ceO.sica as said mobile user chmiel cell.

I~~m~of~'" 12~her~ the step of co'!'- lite service areu, said sYltem comprisin,:
munacaaml~ user~ llpall throu,b said 10 means al each c:eJ1-site or a pluralilY of cell-siles for
second ~lIo1J~ c:ompnses the !IeP' of: 0 , pDeratin,lIId IrIIIIIIlininla pilot lipal indicative

COUJ:!lm,. said IUIOtber .... ~ormanon II~ from of each cell-site of oriJin;
~.Iystem ~troUer to said, second ~-ute; meaas at said Iystem controJler for. receiviDi a user

recelVUl' at ~ second cell"!'te. f~ ~ system information Iipa1 from a. user intended for a mOo
coa~lIer said,aaodIer user ~o~uoa llpal; 15 bile user aDd COUpJia, said user iIlf'onnatioa lianal

~ulatm~ at~ MlGODd~....te ~. another user to a rust c:eJ1-site;
~onna~OJI ~~I to said anolher~ meaas al said rusl ceO.lice for. rec:eivina said user
iIlf'o~uoa sipal~, code so as to provide iIlf'ormatiOD sipal from said syscem c:oauoUer.
a third sprcadspecalllllllpal; ._A _-..1,,1•••__ ._,.. :"4'__ 0

• 0 b ••'" .--.1 oeD '••••,.. third --.t "" ....- SpelCU'IIIII--. - - ~_aon
transauttm, 0 y - --.-. ...... - -...- .., sipals ac:c:ordiDI to • first predeIermiaed user

lpecInIID 1iJftaI; '_4' 0 ..__ I .-.4;__ -.a": __.. 0 •

rec:eivin~ at said mobile user said Ihird spread spec:- :idor;::;;:;;:;~ ====
trum SIgnal; .;~.I to iDteadecI o, IDOlIiJe

despreadinJ, al said mobile user aecordinl 10 said -- olD , recapIIIIl, o· user;
another user information lipal Ipreadin, code. 25 nu:ans a~ said~ !*" for ~YIIIIaad despread.
said receaved third spread spec:trum silnal; 18' said r.... c:eU~te~~ spread ~rum

combiam. said despreacl arst and Ihird Ipread lpec:- ~uIated user, informaaoa apal acc,ordiDI to
trum sipals so as to provide said anotber user said f.... ~ID'~ so ,- 10~ a ~I
information sianaJ 10 said mobile user; raultant user iaformaaoa 1lpa1 to said mobile

rec:eivin. at said sec:oDd cell·lite said second Ipread 30 user; ••,.. ' I-

spec:lrum sipal; ~ al - ~~ lor~~ modu·
despradin,. at said sec;cmd c:ell-sice aecordin, 10 said ~Iamobile~ informadoD "".iIItaded for

mobile user iaformation lipalapreadinl code. said said~~, to allCOllcl spradiaJ code and
second c:eU·lite received second spread speclrum ~ said~apeca"lIIClClulat~ mOo
sipaJ 10 as 10~ at said second cell-sile said J5 bile ....~ Ii'" 10 said~ceJ~~
mobile user iIlf'onaaIiaa lipal; m~ at said m,obile - (or.~ said pilot

coupIin, said mobile ... infonnation lianaJ 10 said IipaJs~ by~ ftrst ~,Iad a, aec:.
system controller from said second cell.site; ond cell lite. dete~~ re~ pilot ~pa1

rec:eivinl at said system controller said mobile user screnJlh of each received.pilot sipaI. ~IUIIa
information sipals from said second cell-site; 40 ~ofI'.~ ~ Slid secoad .eeu..te~

combinin. said at said syltem controller said mobile auued pilot~ II or ~~~.With
user information Ii.... received (rom each of said respect to said ftrst c:eD-ute U'IIIIIDIt&ed pilOt sipaI.
firsl IDd second c:eU-sites; and and trUIIDittiA, said hlDdofl' request to said rust

providin, said combiDed mobile user information cell~ite; .
sipals from said Iystem controOer to said another"5 meaas at said first ceD·sile for. receiYiq said bandofT
user. request -.ad .. spread SJMlCU1I'D lDOdult&ed mo-

11. The method 01clailD to wherein Ibe Slep of termi· bile user iIlf'OI'IDItion sipaI..."""" said
natinl said commUDicalioD 01 user information Ii.nals spread IpOC:trUID modulated -*Ie ... iIlf'orma·
between said mobile ..,.. said uotber systelll user cion sipal accon:IiDa 10 Slid sec:oad'spnIdiD, code
throu,h said tint cell...... comprises the l&epl of: 50 10 as to provide a fust relUllUl ......... iafor·

relayin, by said at least ODe of said fust and second macioa Ii....... IIId for coupliq Slid hudoft' reo
ceJl-sitel said hudoft' c:omp)ete command to said quell IDd said first ren1IUt -aile _ iIlf'onna·
1)'I&eID coauoUer: doD sipaI to Slid lysteIII c:oatroUer;

decouplin. by said Iystem OODtroller • communica- .... at said IJIIeID cc.uoUer lor. noeiviq said
tion o( said user iDfonDaIioa lipals betweell said 55 -.cIoft' r.... and said tint~ mobile user
another .... aad IIicI fint cell-lite; iIlf'OI'IIWioa sipaJ from said .first ceIkite. coupJinI

disc:ontiAuiq by said ftnt oeD-site a communication uicl rant nmt.... 1DObiIe _ialoraIIIioD sipaI to
of said UIel' iIlf'ormation signals from said another IIicI _. and said __ for~ said user
user to said mobile user; iIlf'onnation sipaI to said first CI1I-liIe beinI fur·

.eneratiDl a lermination command al said first cell· 60 tiler responsive to _ baDdo«nqu.t for coupIiD,
site: said user iDIonDatioa """10 _ ...... ceJkile;

transmitting said termination command 10 said mobile meus a, said IICOIId ceIl-tite for. receivilll said user
user; IDd iaformation lipal f'rom said system coauoUer.

dilCOfttiDuin. by Slid mobile~ a communication of spread spec:trum moduiatiD, said iafonution
said user iIlf'Qrmation lipaJs from said mobile user 65 sipaI intended for said mobile IICCOI'dinI to
to said rust c:eU·Iite. said rust IpreadiDl code aDd ~liq said

18, In a mobile radio telephone system in which mOo spread spectrllllllDOdulaled ... ialonutioD Ii......
bile users are capable of initiating and receiving calls to said mobile user;



• • • • •

5,101,501
n n

said maM at said mobile ... for nc:eivin. aDd de- mined code with respect to ach neiahborin.
spradUtau.icl &at cell.... tl'Ulllliued spread cell.... pilot ......
spectnam modulated ... iJIfonIwioJl sipal fur· 21. In radIO ........ .,.. ill whicb
ther for receivin. and cIapreIdiIIa said IeCODd mobile users are capable of iaiIiIdq and calls
ce1I-aiae trIIWIliued spread specInIID modulaled , to and froID odaII' I pab1ic
user iDforawioD Ii.-J acoordiDa to said fint telepboae.,.... IIidCllk duou.b
spreadiD. code 10 .. to provide. MeODd resultant at lase ODe of. J8raIity cl cell Ii_ lIIIdet tile CODtrol

,-~ . .-- ..__I . ==. --,... firsl and of a system caatroller• .aolilid CIlIa CIGaIpriIed of
\1leI' uuona&_ ...- COIIlI-1DI .... inti· ......... 1.1.-10. _.II
second resuJtaDt user iDf'orawioD Iipals 10 U to 01'llllbOD~W_ "'<-ro- ......,••.I!IftI.._. DIOdu·
provide I COIIlIbiDed user iDfonutioD sipal to said 10 ~ted .1CCOtdiD. 10 a~~ iIIfonDa·
mobile user. aDd wherein said user con_paranee tlon S1anaJ~~ U..u~·betweena
ousIy c:ommwUcates with said mobile user through user~ a ClGI'fl9Dldlii~ -- VIA -' ... one

. '. • cell..... and wIiniiD eIda ~ a pilot
.both said fUll~ sec.oact ceJI..tes; sip that is ~.• to a

Slid _ aI said mobile user for spread .,.ctrum pilot'...;.."",~.. -..1_ " '- '. . , .' -.

odulatift said .mobile user iitlorm.aaon Ii--I SI..-""~~.'. !XI._...•.~ ~10......... andm I.. ..- ., each celI.tite piIoc is ora'· t~
funher for~~.1Iid~~ mod· code .... widI eo a _ .. 0elkIte pilot
Wated m~e user inforaaauoa S1pU to said sec· lipal. a IIIeIbbd tot tblftlIay or ClMIDmica-
ODd ceU-SI~ . . . tioftI tletweIa • IIIlc*iIi daroqh

meus aI IIid seccmd celI-tite (or,.~ wd said ceIl-iites .. said UIII' cit s.-..". areas
spread IpecIIlJDllllOChlJated mobile user morma· 20 of uid~ tile .... of:
tion tipaI, diI!IpradiD. uid aprad IpeCtram mod- commUDicatinl user informatiaa IipaJa beIweeD a
uIated mobile.. iDfonDatioa IlpaIs lCICOI'din. to mobile ...... uotIIer ... tbrouab I ftnt ceU·
Slid IICODd code 10 .. to provide a sec· site;
ond mobile UIet information sipaI. and detenpiaia, aI IIid finl cell sipaJ screqtb of
for coupliq Slid IeOOftd I'eiUJtant.mobile user in· 2' said~iU~ Ii u received at said first
fOl'lDalioDIi.... 1O Slid .,... COIltroUer; and ceU-ate fRlal _ mobUe USC;

said meut at DidI'"caauoller for ftlCeiviD. said lenemiDa. aI Slid first ceO.... in respoaae to said
rUll reIU1tant mobile .... iDIonDatioa sipal from determin;a~ ol sipaJ suapla, a banetoft'request
said first cell... funbel' for receivinllaid second w~en said IipaI streqth fI11 below a predeter.
resultant mobile user information sipal from said mined .Ie~: . .
second c:elHite. co__i., said (lilt aDd second 30 c:ommurucaual ... bandoft' request to ... aysteIIl
reI1IlIut ....... information IipaD 10 as to ~D~ller;
provide aoaaabiDId 1DObile,.... iDfonaa&ioD lianal. _pm, by said~ controller IICb ceIJ.t,iae~a
and for~ said COIDIMDed mobile ... infor- plunlily~~- - ...... stid ftnt OIlIkiae

'. .i_.1 __~... ...1__ -1._'''' ft_ I to cleIenaiIe IipIJ IUeqda ofllid .. iIItonna-
mauoa ........ to~ user~~ UI - ..n~ resu - 3' don IipaII .rweiVed aI IIid IICb f'IIPIictive
~t~ user ilaf'0I1DIU0II Iipa1, and w~eJn nei.bboriq ceII-lite ftoaa IDObiIe Iller;
said mobriIeUlet.c;oaceaporaaeously COIIIIDUJUCates detenIIiDiDI &I ve te
with~ user tbrouab both said fIrSt and second sipalltnlllda·of uid ~ IipaJI U

cell.lltes... . . received &I Slid IICb nlplCCive MiJbboriDl cell-
19. The system of~ II f'unher COIIlI~I: Ii.. flOlft IIid tDOIIIiIe -=...
said meut ac .~..1IlQbiJe uset·(or~ said 40 reponiqtouid.,.....a..."'eadl·NlplJCtiVe

haadoft'~.runberfor dettcUn'a coupling of neiJhboriDl QeD of IIid user
communicarionl between mobile user and said information u~Milici .-.NtpeC.
user. pnerarin. a handoft' complete coaunand and tiveDei~ ceIl-iiae _ iaid mobile uer:
transmittin. said handoft' COIIlIplete coaunand to at COlIIIDuicat;ila11lid ......,~IipIIs between
least one of said ftnt and sec:ond ceU-sites: ., said mobile lIIiet ad IIid aocher .... tbroqh at

said metal aI.said tint and IeCODd celI-sites for reo leatoaeofsaid~na,ceU"",wbmiDsaid

ccivina.~I. &Ad couplin. said fIrSt and mobile - ... slid 'aaOtber .... caacarrendy
secoad nsdUt mobile user monaation lipals to CGIIIIDUIIioIIe tIIrouIb bothllid ftnt oeD... aDd
said I"".. COfttl'l)ller f'unher (or receiving and .. aI I oaeof IIIid Dei...... ceII-lites.
couptiq slid Madoft' complete c:GIIIm.nd to said SO 22. The or cilia 21 'IbnIrIr coaapriIiq the
systeID COIIU'OIJer; I&epI of: . . . .

said mau at....·1yItem CODU'OIJet for receiviD. and ~ .... -"""!'- of ~-
com~I'lIidftntad IeCOfIl:i nIUltant mobile :::-_~said aI a-. OM or aeiJb·
user ualoraIItioa·...... ft'om SIIicJ first ad second .. -.l.I • .r. -I 0......-_-'__
cell....~ for. nceiYiDa IIict badoff com." Ien!'*MUI---C UI .... ~--uua
p1tte cG"'I'*'IoNi ft'om IIid at Ieut one of said fIrSt sspala betw.- ...~ ~ Slid ......
__... ---..ill' --n~ --.a' • tb fi sya&eID *-Ill IIid lint .......
- ~-..~ - relpaallve ~ or 23. 'the of aIaia 2l1ard11r campi... the
coapIia. eely IIid MCODd resultlnt mobile user ItepS of.'
iafonaIdoD lipal to said uaer: ad .~ a ceU-eliveni&y mode request at said first

Mid _ M1aid 1)'MeID c:oatroUer for couplin. said 60 ceIJ-siae'
user WonIa1iCIIt ...... to IIid ftnt and second reJayiDJ~ c:cIktivenicy mode request to Slid mo-
celI-siIeI ......w to said received baadoft' com- bile user; ad
mlDdfor -=oupIia,1lid uer iUonu11oD lipal to wherein said mobile is nIpOIIIive to said cell-
Slid fiftc CIIki... divenily DIOde fot .1IIIiat.IiDiIa. CClIIIIIGIUDi-

20. n.~ 0( claim II wherein each ceU-site 6' cation wid IIid IlDDIber .... daroup said first
spread Ipecll'llllBmoduiates each pilot IipaI according cell-site and said at I..t one of said neipboriDa
to a pilot Ii.... ..".adiII1 code COIIUDOft to all cell·sites ceU-sites.
and cell·site each pilot signal is of a dift'erent predeter-
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SYSTEM AND METHOD FOR GENERATING
SIGNAL WAVEFORMS IS A COMA CELLULAR

TELEPHOSESYSTEM

5.103.459
2

differences in signals traveling on different paths may
occur. The possibility for destructive summation of the
signals may result. with on occasion deep fades occur­
rinl·

Terrestrial channel fadinl is a very stronl function of
BACKGROUND OF THE INVENTION the physical poIition of the mobile unit. A small chanle

I. Field of the Invention in position of the mobile unit chanaes the physical de·
The present invention relates to cellular telephone lays of all the sianal propalation paths. which further

systems. More specifICally. the present invention relates results in a different phue for eacb path. Thus. the
to a novel and improved system and method for com· 10 IDOtion of the mobile Wlit throush the environment can
municatinl information. ill a mobile cellular telephone result in a quite rapid fadinl process. For example. in
system or satellite mobile telephone system. using the 850 MHz cellular ndio frequeacy band. this fading
spread spectrum communication sipals. can typically be u fal U ODe fMle pet secoad per mile

II. Description of the Jlelated Art per hour of vehicle speed. FadiIIl this severe can be
The use of code division multiple access (COMA) 15 extremely clisruprive to sipals in tbe terrestrial channel

modulation techniques is one of several techniques for resulUalin poor COIIIIIlWlication quality. Additional
facilitatiDI commWlicatioas ill wh~ a Jarle number of traDlllliuer power can be used to overcome the problem
system usen are p~t.Other lIlulQ~le~ commu· of fadin•. However. such power iDcreases efl'ect both
mcatlon system techniques, such U bme diVISion multi- the user. ill excessive power consumption. and the sys-
pie access (TDMA). frequency division multiple access 20 tem by increued interference.
(FDMA) and AM modlJlatiOD schemes such u ampli· The COMA modulabOD techniques disclosed ill U.S.
tude companded sangle sideband (ACSSB) are known in Pat. No. 4.901.307 ofl'er many advantales over narrow
the art. However the s~r~ spectrum modulation tech· band modulation techniques used in communication
mque of COMA ~s.sllmfican~advantases over these -c systems employing satellile or lerrestrial repeaten. The
modulation techniques for multiple acc.ess communlca- _. terrestriaJ chalmel poses special problems 10 any com.
lion syslems. The use of COMA techniques In a m~lu, munication system partic:ularly with respect 10 multi-
ple access communication syslem IS disclosed In t:.S. path sipals The use of COMA t hniq . be
Pal. No. 4.901.307, issued Feb. 13. 1990. entitled . 1 b'l f h rial

ec
l. ~es perm1l1

"SPREAD SPECTRUM MULTIPLE ACCESS specla pro..ems 0 I e lerresl CIIAlllllll:IIO be over-
COMMUNICATION SYSTEM USING SATEL. 30 co~e by m~t1latln'lhe~verse ef1'ect of multipath. e.•.
LITE OR TERRESTRIAL REPEATERS", assigned fadmg. while also exploitml the advutalel thereof.
10 the assianee of Ihe present invention. of which Ihe In a COMA cellular lelephone sys~~ th~ same fre-
disclosure thereof is incorporated by reference. quency band can be used forc~""!m all cells.

In the just mentioned palenl. a multiple access tech- TheC~MA waveform p~es.thalproV1de~
nique is disclosed where a Iar.. number of mobile lele- 3~ Inl pm are also used to discrimUlale between SJIftals
phone system usen each havinaa Iransceiver communi. t~t occupy the same.frequency band. Funbermore the
cate through salelHlt repe&ten or lerreslrial base sta. ~sh speed pseudo~ (PN) modulation allows many
lions (also referred 10 u cell-siles stations cell-sites or difl'erent propalauon paths to be separMed. provided
for shon. cells) using code division m~ltiple access ~ di:'ference iJa ~Ih delays uceed. the PN cbip dur~-
(COMA) spread spectrum communication signals. In 40 lion. I.e. l~W1dth. If ~ PN chip rate of approlll-
using COMA communicalions. the frequency spectrum mately I MHz &Iemp~ In a ,COMA Iystem. Ih~ full
can be reused multiple times thul permitting an increase spread I1JCClruDI ~ClOeSIlDa PlD. equal 10 the rabO of
in sYSlem user capacity. The use of COMA results in a lhe Ipread bandwidth 10 Iystem data rue. can be em-
much hilher speclral emciency than can be achieved played apiDst paths that differ by more than one micro-
using olher multiple access lechniques. 4~ second ill palb delay from the desired path. A one mi-

The salellile channellypically experiences fadina that ~ path delay difl'erential COrNIponds to difl'er-
is characlenzed u Ilician. Accordinlly the received entia! path distance of approximately 1.000 feel. The
sianal consislS of a direct component summed with a III'bu eavirolUlleDt lypicalIy provides clilf'erential path
multiple reflected component havin, R.ayleilh fading delays in elcea of OM mic:I'aIecond, and up to 1G-20
statistics. The power ratio between the direct and reo 50 IDicroleCCllldl .... reponed in lOme areaL
flecled component is typically on the order of 6-10 dB. III nurow bIacllDOdulation lyst8IIIIlUCb as die ana-
dependin, upon the chuac:teristicl of Ihe mobile unit 101 FM lDOdulatiaa earpIoyed by coavealiclul tele-
antenna and the eavir'oluMal about the mobile unit. pbOIIe lys&eIDI, &be aiIIeace ofmultiple ,...mults in

ContrastiD, with tbe sateIlitecbannel. Ihe lerrestrial sev.-e _lipalla fldiq. Wilh wide a-d COMA mod-
channel experiences .pal. fadin, that typic:ally consists 5~ ulatioD. MMver. the clift'erent padII may be discrimi-
of the R.aylei,b faded component without a direct com- nated apinst iD dIe....ulatioD prooeu. This discriJn-
panent. Thus. Ihe terrestrial chanDel· presents a more iulion plauy redUCII &be severity ofID1IItipIdt fadiaa·
severe fadinl enviroameat than the satellile channel in MuIIipI;dl fldiDl ia DOC totally eJjejMted in usial
which Rician fadin, is the domi.an~ fading characteris- CDMA~ tee.......~ there will
tic. 60 ocaaioaalIy uiIt paUl wilh' delayed difFaalials of

The Rayl. fadin, cbancterilac in the terreslrial 1_dian the PN chip durMioa for the partieular IyateIIL
channel sipal is caused by the sianal being reflected SipaIa ..Yinl palla delays OD this order c:auae be dis-
from many different features of the physical environ- crimina'ed.... in the demodulator. raultinl in lOme

ment. As a result. I sipal arrives It a mobile unit reo deane of rlldin..
ceiver from lUDy directiOlll with difTerent transmission 65 It is 1henf0re.deIirable lbat lOme form ofdiversity be
delays. At the UHF frequacy bends usually employed provided which would permit a systeID 10 reduce fad-
for mobile radio communications, including Ihose of ing. Diversity is one IJ)pI'OKb for mitiptin. the delete-
cellular mobile lelephone Syslems. sipificanl phase riOUI efl'ects of radin,. Three major types of diversity
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ellist: time divenit)·. frequency diversity and space di· siJD&1s. or mutual interference DOlse. ultimately limits
venity. the -.:hievable ca_ty.

Time divenity can best be obtained by the use of Theex~of mullipalh CUI provide path diversity
repetition. tinte iDterleavina. and error detection and to a wideband PN COMA systeln. If two or more paths
coding wtUch is a form of repetition. The presetlt inven- ~ are available with greater than one microlecond differ·
lion employes each of these techniques as a form of time ential path delay. two or more PN Nl:eivers can be
diversity. employed to separately receive these sipaIs. Since

COMA by its inherent nature of being a wideband these sipaIJ will typical1y elhibit indepeadence in mul·
siple offers a form of frequency diversity by spreading tipada f..... i.e•• lhey usually do DOt fldelO.ether.the
tbe sipl energy over a wiele bandwidth. Therefore. 10 outpull of tbe two receivers can be divetlity combined.
frequency selective fadillg afTeeu only a small pan of Therefore a 1011 iD perfonunce Oftly oc:cunwhen both
the COMA sipaJ bandwidth. receivers aplrieace fades It the same tilDe. Hence, one

Space or path divenity is obtaiDed by providing mul- aspect of theprelat Ulvention is tbe provisioD of two or
uple signal paths through sinlulwaeous links from a 1II0re PN receivers in combinalion with a diversity
mobile user throusb two or more cell·sites. Further· 15 c:ombiDer.ID order to exploit the eUteace of multipath
more. path diversity may be obWned by exploiting the silftals, to OWIQ)IDC fadia,. it isn~ to utilize a
muhipath enYironment thI'ou.h spread spectrum pro- waveform dial permits path diversity combinin, opera·
cessing by allowing a signal arriving with different tions to be perfOftlled.
propagation delays to be received and processed sepa· It is tberefote an object of the present iIlvention to
ratel)·. Examples of pam diversity are illustrated in 20 provide for tie generation of PN sequences which are
copending U.S. patent application entitled "SOFT orthopal 10 u to reduce mutual interference. thereby
HANDOFF IN A COMA CELLULAR TELE· permitlinl areater user capacity. and support path di-
PHONE SYSTEM". Ser. No. 07/433.030. filed Nov. 7, venity thereby overcomin, fading.
1989. and copendins U.S. patent application entitled ,~ SUMMARY OF THE INVENTION
"DIVERSITY RECEIVER IN A CDMA CELLU· •
LAR TELEPHONE SYSTEM", Ser. No. 071432,552. The implementation of spread speetru~ communica-
IJso filed Nov. 1. 1989. both assigned to the assignee of tion techniques. paniCuJarly COMA techaiqua, in the
the present inventlOD. mobile cellular telephone environment therefore pro-

The deleterious effects of fadinl can be further con- 30 vida fGtur.. which vully enQnce system reliability
trolled to a certain eXlent in a COMA system by con- and capacity over o.ther communication system tech·
trollin, transmitter power. A system for cell-site and niques. COMA techniques as previously mentioned
mobile unit power conuol is disclosed in copending further eDIble problems such as fadill' and iIllenerence
U.S. patent application entitled "METHOD AND AP- to be readily overcome. AccordinaIy. COMA tech-
PARATUS FOR CONTROLLING TRANSMIS· 35 niques further promote areater frequency reuse. thus
SION POWER IN A COMA CELLULAR MOBILE enablin, a substantial iacrease in the Dumber of system
TELEPHONE SYSTEM", Set. No. 07/433.031. filed users.
Nov. 7. 1989. also usiped to the present invention. The preseat iDvation is a DOvel aad improved
now U.S. Pat. No. 5.0'6.109. method ands~ for constrUCting PN IeqUeftCeS that

The COMA techniques u disclosed in U.S. Pat. No. 40 provide onJqoaaJUy betweea the usen 10 that mutual
4.901.307 contemplated the use or coherent modulation interference wiD be reduced. aJlOwlq biJher capacity
and demodulation for both directions of the link in and beIter link performuce. With onhoIOPl PN
mobile-sateUite communicationL Accordingly, dis· codes. the~on is zero over apredeter-
closed therein is the use of a pilot carrier signal as a mined time iIllel'Vll. resultiJII ill no inIerf-.ce !-e.
coherent phase reference for the ureUite-ta-mobile link ., tween the onaopaal cod., provided only that the
and Ute cell-to-mobile link. In tbe terrestrial cellular code tUne r_ lie time aJiped with each other.
enYirotilnent.however. tbe severity of multipath fad- In .e......". ...bocIiIDeD&. sipaJs are communi·
iIlg.with the renltina phue disruption of the channel. e:ated bltweeaa ClIlkite IIId lDObiIe units UIiaI direct
precludesu.... or coherent demodulation technique . 5equeDCC·..... IpeCII'UID commUDica&ioaa Iipals. In
Cor the tnoeNIe-to-ceJllink. The preIeIIt invention pro- 50 the ceI1·toeDIIiIe 1iU.piIot, lyuc:. aM voice
¥ides a_ for overcomiDIthe adverse effects of cbaa-.......1afonDaIion OOIDIII on the
muhipMhia tMfIIaOl:Iile.tOoCle11 link by usinl noncoher· cell-tooaobile Ii8k ch.... are. in acoded.ea. IIIGChdIliOll MId demadDialioateebaiques. iIlterl........... shift key (BPS&:) IDodIIJaled with

The CD. cecbldq_ u diIcIoIedin U.S. Pat. No. onho,.u 00YeI'i8I ofeICb BPSK symbol"I with
4,901.307 ·fwtIIer COIIIIIIIPIated the UN of relatively" quadralWe .... IIIift key (QPSK).pr tiD, of the
Ion. PN ........ with .18Ch .., channel being as- covered .,.....
siped a _enDt PN .equace. TIlle CI'GIWOnelation latbe·~IiDk, IICCeII aad VGice" chumels
bIIe-·cIiffeMd PN seq..... 1IKI the atllOCrrelation are dcfiMIL~COlMa"" oa the mobile·
of. PH sequeece for all a-shiRl other tban zero both to-cell link cMaMis are. ia ,eneraI. eacoded. inter·
have • aero avenp value which allows the different 60 leaved, onbop_hipallial aloD. with QPSX spread·
.., si'-'1o be discrimiDIIed upoe reception. 11Ig.

HoMver. nch PN Ii...... are lOt ortbolonal. AI· e~_._... .
thoulh the cross-c:orrelations average to zero. fora BRIEFD~ u",N OF mE DRAWINGS
short Ilme interval such u In information bit time the The ,........ o.a. UId IdvaatapS or the present
ct'OIS-COrrelation follows a bincHDial distribution. As 65 invean. will bIcoIDe IDOI'e apparent from tile detailed
suc!l.dle Ii...... interfere witll each Other much the descripdoa .. fORb below when taken in coajuaction
same u if they were wide bandwidth Gaussian noise at with the dJ'awinp in which like reference cIlarcters
the same power spectral density. Thus the other user idenllfy correspondinlly throupout and wherein:
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FIG. 1 is a sc:hematic overview of an exemplary synchronization by a single search through all pilot
COMA cellular teJephone system: sil1lal code phases. The stron.est pilot silJl&!. u deter·

FIG. 2 is a block dia.ram of the cell·site equipment u mined by a correlation process for each code phase. is
implemented in the COMA cellular telephone system: readily identifiable. The identified stronlftt pilot silJl&!

FIG. 3 is a block diqram of the cell-site receiver: 5 generally corresponds to the pilot silJl&! transmitted by
FIGS. 4G-k' form a block diagram of the cell-site the nearest cell-site. However. the strongest pilot sipl

transmit modulator; and is used whether or 1Iot it is transmitted by the cJosest
FIG. 5 is aD eaemp1ary timina diagram of sync chan- cell-site.

nel symboJ synchronizauon; Upon acquisition of the strongest pilot silJl&!. i.e.
FIG. 6 is aD esemplary timin. diagram of sync chan- 10 initial synchronization of the mobile unit with the slron-

nel timing with onholOUl covering; gest pilot sipaJ. the mobile unit searches for another
FIG. 7 is an exemplary timing diqram of tbe overall carrier intended to be received by all s)'Stem users in the

cell-to-mobile JiDk timing; cell. This carrier. called the synchronization channeJ.
FIG.• is a block diqram of the mobile telephone transmits. broadcast tneUa.e containing system infor-

switcbinl offace equipment; 15 ma&ion for use by the mobiles ill the system. The system
FIG. 9 is a block diqram of tbe mobile unit tele· information identifies tbe cell-site and the system in

pbone configured for COMA communications in the addition to convc)'ina iIIforDlalion which allows the
COMA ceJJular telephone system; lana PN codes. intmeaver frames, voc:oden and other

FIG. 10 is a block diagram of the mobile unit re- system timinl iIIforawion used by the mobile mobile
ceiver; and 20 unit to be synchronized without additioaal sarc:bing.

FIG. 11 is a block diagram ohhe mobile unit transmit Another chaluael. called the papngchannel may also be
modulator: provided to transmit messages to mobiles indicating that

FIG. 12 is an exemplary timing diagram of the mo- a call bu arrived for them. and to respond with channel
bile-to-c:ell link for the variable data rate with burst assignments when a mobile initiates a c:a1I.
transmission: and 25 The mobile unit conUftUeI to ICaIl the received pilot

FIG. 13 is an exemplary timing diagram ohhe overall carrier signaJ code at the code offsets conesponding to
mobile-to-eell link timing. cell-site neighborilJ. sector or neighborin. transmitted

pilot signals. This SCUUling is done in order to determine
DETAILED DESCRIPTION OF THE if a pilot signal emanating from a neighborin. sector or

PREFERRED EMBOOIMEIIo"TS 30 cell is becomin. stronger than the pilot signal fust de.
In a COMA cellular telephone system. each cell·site termined to be strongest. Jr. while in tbis call inactive

has a plurality of modulator-demodulator units or mode. a neigbbor sector or neighbor ceJl-site pilot sig.
spread spectrum modems. Each modem consists of a nal becomes stronps: than that of the initial cell-site
digital spread spectrum transmit modulator. at least one sector or cell-site transmitted pilot sipl. the mobile
digital spread spectrum data receiver and a searcher 35 unit will acquire the stronger pilot signals and corre-
receiver. Eoach modem at the cell-site is assigned to a spondingsync and pAlin. cha-mel of the DeW sector or
mobile unit u needed to facilitate communications with cell-site.
the assil1led mobile unit. When a call is initiated. a pseudODOise (PN) code

A soft handoff scheme is employed ror a COMA address is determined for use durin. ~he course of this
cellular telephone system in which a new cell-site 40 call. The code address may be either Uliped by the
modem is usil1led to a mobile unit while the old cell- cell·site or be determined by prearranaenacnt based
site modem continues to service the call. When the upon the identity of the mobile unit. After a call is initi-
mobile unit is located in the transition region between ated the mobile unit continues to ICaIl tbepilot signal
the two cell-sites. the call can be switched back and transmitted by the cell-site through which CQllUDunica-
fonh between cell-sites as simal Streftlth dictates. Since 45 tions are establisbed in addiUon to pilot sipal of neigh-
the mobile unit is always communicating through at boring sectors.or c:elJs. Pilot sipaJ sc:aMin. COIlunues
leut one cell-site modem. fewer disrupting effects to the in order to determine ifone of the neilhborin. sector or
mobile unit or in service will occur. The mobile unit cell transmitted pilot silft&ls becomes stron.er thaD the
thus utilizes multiple receivers for usisting in the hand- pilot signal traIIIIDitted by the ceU-site the liIobiJe unit is
off process in addition to a divenity function for miti- SO in commuaic:alion with. When the pjlot sipaI usoci-
garing the effects of fadina. ated with a _ahborin. cell or ceO sector becomes

In the COMA ~Uular telephone system. each cell· stronger thaD the pilot signal of the current ceU or ceJJ
site transmits a "pilot carrier" sipal. Should the cell be sector. it is .. iDdiCatioD to the mobile UJlit Wt a new
divided into seeton, -=h sector has an associated dis- cell or c:eU sectOr has beeD entered and Wt a haadoff
tinet pilot lignal within the ceO. This pilot sil1lal is used 55 should be initiated.
by the mobile aaitilO obtain initial s)'Stem synchroniza. An eaempiary telepbone system ill whicb the present
&ion and to provide robust lime. frequency and phase invention is embodied is iIIUSU'ated iD FlO. I. The sys-
tracaa. of the oeU__ tnIII'Iaitted sil1lals. Each cell· tem iIIatnded iD FlO. I udJizes sPread splCtnIID modu-
site also transmits spread spectrum modulated informa· lation tecbaiquel iD COIDIDUfticadon betweea the aystem
uon. such as ceJJ-site identification. system timing. mo- 60 mobile WIitI or mobile telephones. and the ceO-sites.
biJe papa, infonDadoa and various otber control sig- Cellular systemS ill Jarp cities may have·hundreds of
nals. cell-si1e statioas IItYiaJ htmdteda of tboasands of mo-

The pilot signal transmitted by each sector of each bile teJepbonel. The UIe ofspread speca 111ft tlCluUques,
cell is of the same .,....aiDS code but with. different in panicuIat eDMA. readily facilitates inc:reues in user
code phue offlet. Ph.-o«set allows the pilot sil1lals to 65 capacity in systemS of this size u compared to CODven-
be distinpishecl from one another thus distin,uishing tionaJ FM modulation cellular s)'Stems.
originatinl cell-siaes or sectOrs. Use of the same pilot III FIG. 1. system controller and switch 10. also reo
silftAl code allows the mobile unit to find system timing ferred to u mobile telephone switchin. offtce (MTSO).


